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In a study involving 14 laboratories supported by the European Community Biomed 2 program, we evaluated
immunologic methods for the postnatal diagnosis of congenital toxoplasmosis (CT). Among babies born to
mothers who seroconverted to positivity for toxoplasmosis during pregnancy, we analyzed 55 babies with CT
on the basis of persistent anti-Toxoplasma immunoglobulin G (IgG) at 1 year of life and 50 control babies
without anti-Toxoplasma IgG at 1 year of life in the absence of curative treatment with pyrimethamine-
sulfonamides. We tested in-house methods such as the enzyme-linked immunofiltration assay (ELIFA) or
Immunoblotting (IB) for the detection of IgG or IgM; these methods allowed comparison of the immunologic
profiles of the mothers and the infants. We compared ELIFA and IB with a commercial enzyme immunoassay
(EIA) or in-house immunosorbent agglutination assay (ISAGA) for the detection of IgM or IgA. The perfor-
mances of combinations of methods were also assessed. A cumulative sensitivity of 98% during a 1-year
follow-up was obtained with the ELIFA plus ISAGA combination. Only one case of CT was missed by the ELIFA
plus ISAGA combination, whereas three cases were missed by the IB plus ISAGA combination, even though
48% of patients with CT were treated with pyrimethamine-sulfonamides, which are known to inhibit antibody
neosynthesis. A similar performance was obtained with either ELIFA or IB in combination with EIA. The
difference in performance between ELIFA plus ISAGA and IB plus ISAGA was not statistically significant (P 5
0.31), and we conclude that both combinations of tests can be used for the diagnosis of CT in newborns.

Toxoplasma gondii is a unicellular protozoan parasite. Al-
though it is found worldwide, infection with the parasite is
more prevalent in some regions in Europe and parts of the
Caribbean and South America than in Asia, the United States,
and Australia. T. gondii infection is prevalent throughout Eu-
rope, and the seroprevalence ranks from less than 20% in
northern Europe to more than 60% in southern Europe (33).
Seronegative women are at risk of infection, and as the infec-
tion is generally asymptomatic, it is difficult to diagnose. How-
ever, primary maternal Toxoplasma infection during pregnancy
is frequently associated with transmission of T. gondii to the
fetus (32). Fetal infection has unpredictable consequences, but

sequelae may be prevented or reduced by early treatment (12,
30, 30a).

Postnatal diagnosis of congenital toxoplasmosis (CT) is cru-
cial in two cases: (i) when clinical signs occur within the first 6
months of a child’s life and no information on the mother’s
antenatal serostatus is available and (ii) when seroconversion
is diagnosed during pregnancy, with or without antenatal di-
agnosis of CT. The first situation is mainly observed in coun-
tries where maternal screening is not performed (19). In coun-
tries where maternal screening is mandatory (France and
Austria) or is done on a regular basis by obstetricians (Bel-
gium, Switzerland, and Italy), suspected maternal toxoplasmo-
sis calls for parasitologic and immunologic testing of the child
at birth and during the first year of life (5).

Early postnatal diagnosis is necessary to identify infants
qualifying for aggressive treatment based on pyrimethamine
and sulfonamides (PS), which reduces the incidence of ocular
sequel (23, 29, 31). However, CT is generally subclinical, es-
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pecially in countries with effective screening programs where
treatment in utero reduces the risk of major complications (5,
12, 20, 29).

Parasitologic and immunologic means of diagnosis of CT are
used during the first year of life. However, there are two major
obstacles to postnatal diagnosis, namely, the poor sensitivity of
Toxoplasma detection (7, 16) and the presence of maternal
antibodies in the child, which hinders and delays the immuno-
logic means of diagnosis. Standard methods for the detection
of anti-Toxoplasma antibodies, such as enzyme immunoassay
(EIA) and immunosorbent agglutination assay (ISAGA), fail
to distinguish maternal antibodies, transmitted passively (im-
munoglobulin G [IgG]) or by leakage (IgM and IgA), and fetal
or neonatal neosynthesized antibodies. Ten days after birth,
only fetal IgM and IgA can be detected by these methods.
Approaches based on the comparison of the immunologic pro-
files of the mother and the infant (referred to here as CIP
methods), such as enzyme-linked immunofiltration assay
(ELIFA) and immunoblotting (IB), which emerged in 1982
and 1985, respectively (27, 28), are claimed to distinguish ma-
ternal from fetal or neonatal neosynthesized antibodies. In the
present collaborative study involving 14 laboratories supported
by the European Community Biomed 2 program, we evaluated
IB and ELIFA methods for the postnatal diagnosis of CT.

(Data from this study were presented by E. Petersen at the
European Conference on Congenital Toxoplasmosis, Vienna,
29 June to 1 July 2000.)

MATERIALS AND METHODS

Patients. Patients were selected from 14 European centers on the basis of
criteria established by the European Network on Congenital Toxoplasmosis (22).

CT. Fifty-five babies with CT were selected on the basis of the persistence of
anti-Toxoplasma IgG at 1 year of life. The babies were born to mothers who had
seroconverted to positivity for toxoplasmosis during pregnancy. We obtained 55
maternal serum samples collected at delivery or within the first month after
delivery and 206 infant serum samples collected at birth or during the first year
of life. Maternal seroconversion during pregnancy could not be precisely dated
for 18% of the mothers. Among the remaining mothers, 4% seroconverted
during the first trimester, 31% seroconverted during the second trimester, and
65% seroconverted during the third trimester. Seven mothers had symptomatic
seroconversion (five had lymphadenopathy and two had fever). Treatment con-
sisted of the PS combination in 47% of the mothers after detection of Toxo-
plasma DNA in amniotic fluid by PCR, 36% of the mothers received spiramycin,
and 17% received no treatment. Toxoplasma was detected in the placenta or cord
blood at birth in 10 cases. Of the 55 newborns infected with Toxoplasma, 9% had
brain calcifications and a further 9% had retinochoroiditis.

Controls. Fifty case-control infants were selected on the basis of the absence
of anti-Toxoplasma IgG after 1 year of life in the absence of curative PS treat-
ment. Fifty maternal serum samples were obtained at delivery or within the first
month of life, and 119 infant serum samples were obtained at birth or during the
first year of life. None of the mothers had symptoms of toxoplasmosis during the
pregnancy. Maternal treatment consisted of spiramycin in 44% of the cases, and
one woman received the PS combination after detection of Toxoplasma DNA in
amniotic fluid by PCR. The infant of the latter woman did not develop CT. No
treatment was given to 46% of the mothers, and data were lacking for the
remaining 8% of the mothers. The precise date of maternal seroconversion was
not documented for 48% of the women; of the remaining women, 73% serocon-
verted during the first trimester, 23% seroconverted during the second trimester,
and 4% seroconverted during the third trimester.

Equal volumes of serum were sent on dry ice to the laboratory in Reims,
France, for ELIFA and ISAGA and to the laboratory in Marseille, France, for IB
and EIA. The only pieces of information provided to these two laboratories were
the date of birth, the date of sampling, and the maternal or neonatal nature of
the sample. A data sheet with all clinical, therapeutic, and biological information
was sent to the study coordinator in Strasbourg, France. Data and interpretations

were checked during the first meeting, and the blinded files were opened in the
presence of the coordinator and three others members of the network.

CIP methods. (i) ELIFA. ELIFA, which is based on the use of a microporous
cellulose acetate membrane in a coimmunoelectrodiffusion procedure, simulta-
neously determines antibody specificity by immunoprecipitation and the anti-
body isotype by immunofiltration of an enzyme-labeled antibody through the
membrane. The filtration step is conducted in a commercial ELIFA cell, which
is controlled by an automatized peristaltic pump (26, 27). The profiles yield four
parameters: the number of precipitating arcs; the isotype (IgG or IgM); the
comparative specificities by the continuity (coalescence) of the arcs present in
two serum samples, which proves that the same antigen is involved in the
precipitate; and the relative amounts of antibodies with the same specificity in
each sample. Fetal or newborn neosynthesized IgG and IgM antibodies are those
present in neonatal serum and absent from maternal serum or those of a given
specificity with a higher concentration in the neonatal sample than in the ma-
ternal sample.

(ii) IB. IB combines electrophoresis of toxoplasmic antigens under denaturing
conditions, electrotransfer to a nitrocellulose membrane, and a specific antibody
assay (similar to an EIA) that detects specific epitopes. The result is a band
pattern that results from precipitation of the substrate on the membrane and that
reveals the presence of the antigen-antibody complex (24). We used the IB
procedure described by Remington et al. (28), with modifications (14). The
presence of bands obtained with the infant’s serum but not with the mother’s
serum reflects IgG or IgM antibody synthesis by the infant.

Standard methods for IgM and IgA detection. (i) IgM antibodies. Specific IgM
was detected by using an EIA kit (EIA-M; Bio-Rad–Pasteur), according to the
manufacturer’s indications, and by an in-house ISAGA for IgM (ISAGA-M),
which has been described elsewhere (26).

(ii) IgA antibodies. Specific IgA was detected by using an EIA kit (EIA-A;
Bio-Rad–Pasteur), according to the manufacturer’s indications, and an in-house
ISAGA method for IgA (ISAGA-A) (26).

Statistical analysis. McNemar’s nonparametric test was used for statistical
analysis.

RESULTS

Sensitivity and specificity (Table 1) were calculated from the
results for sera collected at three different points in the infants’
lives: (i) at birth or within 10 days after birth, (ii) 0.5 to 1.5
months after birth, and (iii) 2 to 12 months after birth. Sensi-
tivity and specificity were also expressed as cumulative results
throughout the first year of life. These parameters were calcu-
lated for each method individually and in combination (17).

Comparative performances of immunologic tests in the neo-
natal period. EIA and ISAGA had specificities below 90%.
ELIFA-G and IB-M had specificities of 100% and sensitivities
of 64.2 and 56.7%, respectively. By ELIFA, the results for 5
serum samples from 42 infants with CT and 10 serum samples
from 27 case-control infants were considered uninterpretable;
the results for these infants were resolved with new samples
collected within 10 days after birth.

When the results for two isotypes (for IgM and IgA by
standard methods and for IgG and IgM by CIP methods) were
combined, the sensitivity increased but the specificity remained
low with the IgA-IgM combination. When the results of stan-
dard methods and CIP methods were combined, the sensitiv-
ities ranged from 81 to 92.1% but the specificities remained
low (70.3 to 81.4%), owing to the poor specificities of the
standard methods.

Comparative performances of immunologic tests at 0.5 to
1.5 months. Methods that detect a single isotype had sensitiv-
ities of no more than 73.3%. When the results for the detection
of two isotypes by standard methods were combined, the sen-
sitivity increased to 79.3%. When the results of the CIP meth-
ods and standard methods were combined, the sensitivities
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ranged from 88.8 to 96.2%, while the specificities exceeded
92%.

Comparative performances of immunologic tests between 2
months and 1 year of life. The best performance was obtained
when the results of the CIP methods were combined with those
of the standard assays, with sensitivities ranging from 78 to
92.5% and with specificities exceeding 97%. The performances
of the tests for the detection of anti-Toxoplasma IgM fell dras-
tically, and sensitivities ranked only between 14.2 and 56%. On
the other hand, the assays that detect anti-Toxoplasma IgA
maintained reasonable performance, and when their results
are combined with those of ELIFA or IB, the sensitivities are
increased.

When we combined a CIP method with a standard method
for detection of the three immunoglobulin isotypes, sensitivi-

ties exceeded 90% (98% sensitivity with ELIFA plus ISAGA,
with 84% specificity). Only one case of CT was missed by the
ELIFA plus ISAGA combination, whereas three cases were
missed by the IB plus ISAGA combination. Similar perfor-
mances were obtained when the CIP methods were individu-
ally combined with EIA instead of ISAGA. The difference
between the best combination of these assays was, however,
not statistically significant (P 5 0.31).

DISCUSSION

At birth, the sensitivity of Toxoplasma detection is poor,
ranging from 25 to 60.9% (7, 16). The use of immunologic
methods is thus crucial for definitive postnatal diagnosis of CT.
IgG is known to cross the placental barrier readily, but IgM

TABLE 1. Sensitivities and specificities of individual and CIP methods for diagnosis of CTa

Parameter and methodb
Performance at age: Cumulative

performance,
0–12 mo0–10 days 0.5–1.5 mo 2–12 mo

Sensitivity
Individual methods

ISAGA-M 27/40 (67.5)c 17/27 (62.9) 12/42 (28.6) 43/53 (81.1)
ISAGA-A 29/40 (72.5) 18/27 (66.6) 21/42 (50) 44/53 (83)
EIA-M 26/42 (61.9) 17/29 (58.6) 6/42 (14.2) 35/54 (64.8)
EIA-A 30/42 (71.4) 17/30 (56.6) 16/42 (38) 45/54 (83.3)
ELIFA-G 26/38 (64.2 [5d]) 22/30 (73.3) 38/43 (88.3) 48/54 (88.8)
ELIFA-M 7/42 (16.6) 6/29 (20.6) 6/40 (15) 12/54 (22.2)
IB-G 16/40 (40 [2]) 19/30 (63.3) 29/43 (67.4) 36/55 (65.4)
IB-M 21/37 (56.7 [6]) 20/29 (68.9) 23/41 (56) 37/54 (68.5)

Combined methods
ISAGA-M 1 ISAGA-A 30/39 (76.9) 20/27 (74) 24/42 (57.1) 49/53 (92.4)
EIA-M 1 EIA-A 34/42 (80.9) 23/29 (79.3) 18/42 (42.8) 47/54 (87)
ELIFA-G 1 ELIFA-M 28/38 (73) 22/29 (75.8) 35/40 (87.5) 48/54 (88.8)
IB G 1 IB M 24/37 (64.8) 22/29 (75.8) 30/41 (73.1) 42/54 (77.7)
ELIFA-G 1 ELIFA-M 1 EIA-M 1 EIA-A 35/38 (92.1) 26/27 (96.2) 37/40 (92.5) 49/51 (96)
ELIFA-G 1 ELIFA-M 1 ISAGA-M 1 ISAGA-A 32/36 (88.8) 24/25 (96) 36/40 (90) 49/50 (98)
IB-G 1 IB-M 1 EIA-M 1 EIA-A 30/37 (81) 26/29 (89.6) 32/41 (78) 46/51 (90.1)
IB-G 1 IB-M 1 ISAGA-M 1 ISAGA-A 28/32 (87.5) 24/27 (88.8) 33/41 (80.4) 47/50 (94)

Specificity
Individual methods

ISAGA-M 21/27 (77.7) 27/28 (96.4) 34/34 (100) 43/50 (86)
ISAGA-A 21/27 (77.7) 29/29 (100) 35/35 (100) 44/50 (88)
EIA-M 24/27 (88.8) 32/32 (100) 37/37 (100) 47/50 (94)
EIA-A 23/27 (85.1) 31/32 (96.8) 37/37 (100) 43/50 (86)
ELIFA-G 17/17 (100 [10]) 31/31 (100 [1]) 37/37 (100) 50/50 (100)
ELIFA-M 27/27 (100) 31/31 (100) 33/33 (100) 50/50 (100)
IB-G 26/27 (96.2) 31/32 (96.8) 36/36 (100) 48/50 (96)
IB-M 27/27 (100) 31/31 (100 [1]) 34/35 (97.1) 49/50 (98)

Combined methods
ISAGA-M 1 ISAGA-A 20/27 (7) 27/28 (96.4) 34/34 (100) 46/50 (92)
EIA-M 1 EIA-A 21/27 (77.7) 31/32 (96.8) 37/37 (100) 41/50 (82)
ELIFA-G 1 ELIFA-M 17/17 (100 [10]) 31/31 (100 [1]) 33/33 (100) 50/50 (100)
IB-G 1 IB-M 26/27 (96.2) 30/31 (96.7) 34/35 (97.1) 48/50 (96)
ELIFA-G 1 ELIFA-M 1 EIA-M 1 EIA-A 20/27 (74) 27/28 (96.4) 34/34 (100) 42/50 (84)
ELIFA-G 1 ELIFA-M 1 ISAGA-M 1 ISAGA-A 21/27 (77.7) 30/31 (96.7) 37/37 (100) 41/50 (82)
IB-G 1 IB-M 1 EIA-M 1 EIA-A 19/27 (70.3) 26/28 (92.8) 33/34 (97) 40/50 (80)
IB-G 1 IB-M 1 ISAGA-M 1 ISAGA-A 22/27 (81.4) 29/31 (93.5) 34/35 (97.1) 38/50 (76)

a Sera from 55 babies with CT and 50 case-controls were separated according to the sampling date.
b ISAGA-M, ISAGA for IgM detection; ISAGA-A, ISAGA for IgA detection; EIA-M, IgM immunocapture-based EIA; EIA-A, IgA immunocapture-based EIA;

ELIFA-G, ELIFA for IgG detection; ELIFA-M, ELIFA for IgM detection; IB-G, IB assay for IgG detection; IB-M, IB assay for IgM detection.
c Data represent number of positive serum samples/number of serum samples tested (percent).
d Data in brackets are the number of samples with uninterpretable ELIFA or IB assay results and are excluded from the final calculation.
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and IgA may “leak” through the placenta during labor and
contaminate the newborn’s blood. For instance, anti-Toxo-
plasma IgM and IgA antibodies were detected in this collabo-
rative study in 12 and 22% of healthy neonates by EIA and
ISAGA, respectively. New methods such as ELIFA and IB can
distinguish maternal antibodies from fetal-neonatal neosynthe-
sized antibodies and can be applied to samples collected at
birth or during the first 10 days of life (4, 14, 26). When used
together with standard methods for immunoglobulin detection,
these new methods can improve the diagnosis of CT during the
first month of life and later.

Detection of anti-Toxoplasma IgM is widely used for the
diagnosis of CT. We compared an EIA with an ISAGA for
IgM and, in our hands, found that the ISAGA for IgM per-
formed better than the EIA for IgM, as reported previously (9,
15, 26). In-house and commercial EIAs are used to screen
adult sera, in which the level of background noise due to
natural IgM is high (21), and must be modified and carefully
validated before being used with sera from infants (3, 3a). IB
for IgM gave better results than ISAGA or EIA. This could be
due to the better ability of IB to detect low levels of IgM. In
general, the poor performances of assays that detect anti-Tox-
oplasma IgM is probably due to the fact that sampling is done
at various times after infection and that IgM production may
have ceased at birth.

The contribution of IgA detection to the early diagnosis of
CT has been show in many studies (2, 6, 13, 25, 27). The
methods used for IgA detection include ISAGA-A and EIA-A.
However, recent reports on the comparative sensitivities of
EIA-A and ISAGA-A are discordant (10, 13, 25, 26). In our
hands, better results were achieved with ISAGA-A than with
EIA-A. Overall, IgA detection was better than the IgM detec-
tion after 2 months of life unless we used IB for IgM. When the
results for the two isotypes (IgM and IgA) were combined,
Villena et al. (30) found that the sensitivity increased. These
results were confirmed in our study and strongly support the
use of an anti-Toxoplasma IgA detection test (ISAGA-A or
EIA-A based on the major surface antigen protein of T. gondii,
SAG1) in the panel of methods for serologic diagnosis of CT
during the first months of life.

ELIFA methods detect specific antibodies present in neo-
natal serum and absent from maternal blood or detect a higher
concentration of neonatal antibodies with the same specificity
that they detect maternal antibodies. Pinon et al. (26) previ-
ously demonstrated that ELIFA had a sensitivity of 84.5% and
a specificity of 99.9% during the first 3 months of life in infants
with CT. We confirmed in our study that the sensitivity in-
creased during the 1-year follow-up and reached a cumulative
sensitivity of 88.8%. Specificity is high if we exclude the poor
capacity of ELIFA to detect CT at birth, due to the hemocon-
centration of cord blood, which inhibits the reading of the band
pattern and renders the results uninterpretable. This problem
can be overcome by testing a new sample collected 10 days later.

IB detects bands in the infant’s serum which are absent from
the mother’s serum, pointing to antibody synthesis by the ne-
onate. Franck and colleagues (14) were the first to demon-
strate the usefulness of IB on a large scale. Chumpitazi et al.
(4) achieved an overall sensitivity of 92.6% and a specificity of
89.1%. In our study, the sensitivity was lower and the specificity
was higher. These differences could be due to the fact that IB

kits have previously been homemade. Use of the semiauto-
matic computer-driven PHAST system from Pharmacia has
increased the reproducibility of IB (4), and commercial IB kits
are now available. Of note, as for ELIFA, the ability of these
methods to detect neosynthesized antibodies allows increases
in sensitivity during the 1-year follow-up.

Only one previous study compared ELIFA and IB methods
for the detection of fetal and infant antibodies (4). In that
study the IB method had a better resolution than the ELIFA
method (4). On the contrary, in our hands, ELIFA had a better
performance because it allowed the detection of higher con-
centrations of neosynthesized antibodies at birth, even when
the target epitopes were identical to those of the maternal
antibodies.

Combination of ELIFA methods with standard methods
identified all but one of the CT cases during the first year of life
in the present study. Analysis of the newborn whose CT was
missed indicates that the newborn was correctly monitored.
After a positive antenatal diagnosis by PCR with amniotic
fluid, the mother received PS treatment during the third tri-
mester. The child received the same treatment for 12 months
after birth. The child’s serology became negative at 6 months,
and the child was still negative at 10 months. Immunologic
markers of CT were detected only when treatment was stopped
at the 14th month of life, leading to an immunologic rebound
with a high level of IgG antibodies, as well as specific IgM and
IgA. The other three false-negative results observed with the
combination of the IB and standard methods involved similar
patients treated with PS at an early stage of infection. In these
individuals immunologic markers were detected only when
treatment was withdrawn, owing to a rebound of toxoplasmic
antibodies.

This suggests that PS treatment has an effect on serologic
results. Previous investigations have suggested that the infant’s
IgG production was curbed by treatment, especially when par-
asite transmission occurred during labor (1). One study
showed that treatment in utero could shorten the anti-Toxo-
plasma IgM-IgA response (26). Our data suggest that defini-
tive postnatal serologic diagnosis can be delayed by treatment
in utero. Therefore, confirmation of a diagnosis made in utero
must be based on the persistence of anti-Toxoplasma IgG after
1 year of life and/or the detection of a serologic rebound when
treatment is discontinued (8, 11, 18, 23).

No useful epidemiologic data on the prevalence of toxoplas-
mosis were obtained in the present study, as only individuals
with proven cases were included. However, our findings dem-
onstrate that early diagnosis of CT should be based on a com-
bination of CIP methods with standard methods that detect
fetal-neonatal neosynthesized IgG, IgM, and IgA antibodies.
By this strategy, only one case of CT escaped detection, even
though 48% of the individuals with CT were treated with PS,
which is known to inhibit antibody neosynthesis. A prospective
study in countries where prenatal screening is not done rou-
tinely is needed to confirm these conclusions.
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